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Aim

Eukaryotic cells are organized into membrane delimited
organelles. Their genetic information - DNA - is stored in the
nucleus. The gene expression, in which inheritable information is
transformed into a functional gene product, involves processes of
transcription and translation. Transcription from DNA to RNA
proceeds inside the cell nucleus and translation to proteins is taking
place in the cytoplasm.

Small nuclear ribonucleoproteins (snRNPs) are factors
involved in pre-mRNA splicing, a two-step reaction that is a part of
post-transcriptional RNA modifications. snRNPs were shown to be
assembled in nuclear domains called Cajal bodies (CBs).

Currently no model that would describe dynamics of the snRNPs
in vivo is available. A lack of metabolic energy necessary for an
active movement of intra-nuclear proteins and RNA suggests that
these molecules undergo a passive diffusive movement in the
nucleus. Considering this knowledge, we have tested whether the
simplest model based on free diffusion of snRNPs could describe
movement of the particles in the nucleus. Analysis of fluorescently
labeled snRNP complexes located in CBs in the nucleoplasm of 50
different HelLa cell nuclei revealed that spreading of the complex
into the nucleoplasm has a diffusion character, however, free
diffusion model with spatially invariant diffusion coefficient could not
fully explain the snRNP dynamics.

In order to eliminate a possible variability of environment in
different cell nuclei we performed similar measurements and
analyses on a single cell nucleus.

Experiment

Hela cells were transfected with fluorescently
labeled SmB protein that is taking part in the snRNP
complex formation. SmB was tagged with
photoactivatable green fluorescent protein (PA-GFP)
that can be converted from non-fluorescent to
fluorescent form by ~400 nm laser light illumination.

Diffusion of the shARNP complexes inside the
nucleoplasm delimited by the nuclear envelope (NE,
green) was visualized by photoactivation of the
SmB:PA-GFP complex within the circular area (red
circle) corresponding to one of the Cajal bodies (CB).
Spreading of the photoactivated complexes (red
arrow) was measured in the nucleoplasmic area
(yellow circle).

Numerical model

Motion of snRNPs was described by a diffusion equation with constant diffusion coefficient D:
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Numerical solutions were computed in Diffusion Application Mode (Comsol). Initinal conditions C(X,0)=¢, for X = CB
and ¢(X,00=0 elsewhere simulated the photoactivation in the Cajal body only. Neumann boundary conditions
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aN=0 . N =-DVc were used to define impermeability of the nuclear membrane for the diffusing particles.

Solutions were transferred to Matlab and used for the non-linear least squares fitting of the measured fluorescence
intensity evolutions.

Results - Effect of the dimensionality

-m=-D analyt 10
=#=Dnum 1D
w0 num 20
D num 3D

2
o

04

Diffusion coefficient [um?/s]
=
3

2

2

P
located along the red line with0.96 ym
istance from each other. B) In the 2D model
the nucleus was represented by the ellipse

Results - Effect of the geometry changes
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